Background: An effective social learning process which enhances public understanding of photovoltaic installations in residential dwellings and the economic instruments used by governments to encourage investment in this form of energy is regarded as an important component of implementing renewable energy policy in Australia.
Background
Public understanding and policy context of gridconnected photovoltaic electricity production in Australia Use of grid-connected photovoltaics (GCPV), which involve the installation of photovoltaic panels (PV) on a roof or external wall and generating electricity for use and/or export to the grid, has been in its infancy in Australia. GCPV is a renewable source of power without environmental cost in producing electricity once installed or the need for land to be used and has minimal transmission or distribution cost [1] , while having up front panel, inverter and instillation costs. Much of Australia has an ideal climate for generating solar energy with these technologies, as well as wind energy, and policy support by Governments in Australia for use of renewable energy has emerged over the last 5 to 10 years in large part in response to international targets for greenhouse gas emissions. Production of electricity in Australia has historically been predominantly from burning coal, and Australia retains a very high per capita emission of greenhouse gases. Government policy to increase use of renewable solar energy generation has been enacted with economic instruments such as rebates and gross feed in tariffs by Federal and State levels of government (electricity grids between states are not fully interconnected nationally). However, there has been meagre research on public familiarity and attitudes towards GCPV and the associated subsidies and feed in tariffs.
This article considers processes of social learning about the economic instruments and decision making, given technology and installation options for photovoltaic electricity production. Empirically, we report on social learning with randomly selected public participants from a regional area south of Sydney, New South Wales in deliberative workshops undertaken at the University of Wollongong in 2005 and 2012. These workshops provided participants with a general introduction to the practical and financial feasibility of domestic production of electricity through installing photovoltaic panels with inverters and the economic instruments involved in residential installation.
The enhancement of social learning about residential photovoltaic installation is an important component of effective policy implementation for renewable energy in the Australian context. Meeting renewable energy targets is in part dependent on citizen take up of renewable energy systems, while it has been left to citizens to initiate the implementation of this technology through a renewable energy certificate system.
Large-scale Generation Certificates are currently provided by the Australian Federal government for the installation of capital equipment in large schemes [2] , and as the name suggests, this is likely to be implemented by large-scale generators. Under a parallel small-scale renewable energy scheme, Small-scale Technology Certificates (STC) are provided for domestic installations [3] , and it is in this area that citizen social learning is of importance.
This paper considers how social learning processes could be used by such citizenry to aid information flows, decision making and policy implementation. Having set the Australian context for decision making by citizenry in this introduction, the next section considers the decision to invest in PV technology. The concept of social learning in relation to decision making for small-scale PV investment is then reviewed in relation to technology characteristics (PV system installed costs, expected performance, aesthetics, building integration) and government policy instruments (subsidies, tariffs and rebates) and their interaction in informing expected return on investment, before describing methods for and reporting on attitudes to PV decision making emerging from deliberative social learning workshops run in 2005 and 2012. Finally, the results from the workshops in relation to understanding and attitudes reported are discussed in relation to the differences in policy context and framing of PV investment decisions in 2005 and 2012, drawing out lessons for future policy and use of social learning methods.
Citizenry decisions to invest in PV under alternate policies
A decision to invest in installing a small-scale photovoltaic installation depends upon the inclinations of residents and their level of knowledge of photovoltaic technology, particularly the relative environmental and economic costs and benefits which may accrue from such installation. An STC can be transferred to and redeemed by a photovoltaic installer, reducing the capital investment costs of a typical 1.5-kilowatt (kW) installation to around Australia $3,000 at the time of the workshops in early 2012.
This system of STCs was preceded by a Federal government rebate scheme between 2000 and 2009 which resulted in the installation of 107,572 units generating 128 megawatt (MW) [4] . The previous program has been regarded as being ineffective environmentally and inefficient in terms of failing to promote understanding and acceptance of residential photovoltaic installation. The suggestion is it would have been less costly to employ other strategies such as standard social marketing [4] . Further, such alternative strategies could have mitigated negative publicity and associated framing of investment decisions for residential photovoltaic installation when prices for STCs or State arrangements for feed in tariffs for generated electricity changed in 2010. This, consequently, could also have mitigated the uncertainty and boom and bust cycles for associated manufacturing and installation industries.
Wustenhagen et al. [5] reviewed research on the social acceptance of wind energy and pose some questions which might also arise for citizens who install photovoltaic systems in their residences. Much of the research which has been conducted on social acceptance and renewable energy has been related to wind energy, nuclear power and geothermal, and has not focussed on photovoltaic panels on residences. For example, social acceptance of wind energy has shown the type of landscape to be a critical factor [6] . Analogously, the siting of PV solar panels may be an important issue, particularly if largescale photovoltaic installations become more plentiful. There is some evidence that the visual intrusion of residential panels is associated with a decision not to install panels [7] . Australians may have concerns about the visual amenity of having panels installed on a residence, in relation to which the workshops developed for the current project assessed perceptions of traditional panels versus building-integrated panels.
There are likely to be varying levels of community engagement and education to promote the installation of a residential photovoltaic system, depending on factors such as whether or not citizens were residents in one of the designated seven Solar Cities in Australia [8] . Education of citizens in general about photovoltaic technology in Australia consists currently primarily of static website information. There have been no apparent government initiatives for citizens to pursue this information or highlight the expected financial returns from investing in and using electricity generated by residential photovoltaic systems.
Assessing citizen attitudes towards and motivation to investing in PV systems in Australia needs to distinguish between wholesale price levels for exported feed in tariffs, effective electricity cost offsets with direct generated use and government subsidized tariffs. Such subsidies can provide incentives to install domestic photovoltaic electricity generation technology but in turn need to consider the real expected return and payback periods given the expected performance, and up front capital costs, of systems.
In addition to Commonwealth Government cost offsets accruing from STCs, State governments across Australia have provided a range of domestic electricity offset and feed in tariff arrangements and associated incentives. These initially ranged from State tariffs with typical small-scale (less than 10-kW systems) systems for net export of electricity in excess of domestic use into the grid (South Australia (SA), Victoria (Vic), Western Australia (WA), Queensland (QLD)) of amounts varying from Australian $0.44 to Australian $0.60/kWh over 10 to 20 years, to gross feed in tariffs in New South Wales (NSW) and the Australian Capital Territory (ACT) over 6 to 20 years from Australian $.040 up to Australian $0.60/kWh [9] . In NSW, where our study is based, an Australian $0.60 gross feed in tariff applied to installation and supply agreements in NSW signed from 9 November 2009 up to midnight 27 October 2010 for electricity generated by PV panels up to 31 December 2016 under the Solar Bonus Scheme program. This program essentially covered the capital investment costs by households of a typical 1.5-kW system installation (around Australian $6,000 during 2010) by the end of 2016, given that under this tariff such a system reduces energy costs or generates income of approximately Australian $1,100/year. This NSW program has more recently been framed as burdensome by the current NSW State Government, but the program did ensure a rapid uptake of photovoltaic technology in the State, while not committing tariff funding beyond 2016 unlike other state schemes. For agreements signed after the 28 October 2010, the gross feed in tariff in NSW was reduced from Australian $0.60/kWh generated to Australian $0.20/kWh, but a newly elected state government in April 2011 effectively removed any government subsidy, moving to a tariff to reflect the cost of undistributed wholesale electricity. For PV panel installation and supply agreements in New South Wales at the time of the workshops conducted in 2012, residents could receive around an average Australian $0.07/kWh for electricity exported to the grid -a price which is based on the spot price which a wholesaler would receive for electricity generated in the state [10] . Alternatively, if the residents in NSW were to utilize electricity generated by their photovoltaic installation in their own home, this would be financially equivalent to what they would pay for utilizing electricity from the grid, typically Australian $0.22 to Australian $0.24/kWh, unless use is off-peak. Hence, offsetting domestic use in peak periods when PV electricity is generated would, on average, provide three times the price which they are offered for exporting electricity through a net feed in tariff. However, to utilize PV energy generated at their home, residents would have to utilize this electricity at the time it is generated (during sunlight hours) which may not be feasible for many residents given their patterns of energy consumption.
Extensive publicity and political attention around the reduction in gross feed in tariff rate to Australian $0.20/ kWh for systems signed off after the 27 October 2010, and further falls in the exporting rate when investing beyond 28 April 2011, has negatively framed public perception of investing in domestic photovoltaic technology in NSW after 27 October 2010. Indeed, beyond 28 April 2011, while the Independent Pricing and Regulatory Tribunal (IPART) recommended a non-mandatory price per kWh around the wholesale average undistributed price of Australian $0.052 to Australian $0.103 per kWh in 2011 to 2012 and Australian $0.077 to Australian $0.129 in 2012 to 2013 [11, 12] , electricity retailers effectively paid at the bottom of these ranges, if anything, for PV exported electricity. Hence, there was marginal if any return received from investing in a gross metered system, depending on retailer after 28 April 2011, with net meters clearly preferable when offsetting domestic electricity use with PV energy generated during daylight hours (effectively Australian $0.20 to Australian $0.28, depending on provider over 2011 to 2013).
Importantly, the rate of payment for PV energy generation with investment after 27 October 2010 was publicly framed as a loss relative to that previously received at Australian $0.60c/kWh. Public framing and focus on such perceived losses is, following prospect theory and loss aversion with higher valuing of perceived losses than gains [13] , expected to lead to sharp falls in GCPV investment and installations. However, continual significant decreases in capital costs faced by households for installing systems after 27 October 2010 and increasing prices for grid electricity mean that while the payback period for installing domestic solar panels may have increased somewhat, the long-term rate of return to households on a typical 1.5-kW system has in fact increased over time. For example, a reduction for the installed cost to a household of a 1.5-kW system to $3.000 with an agreement signed in early 2011, with an Australian $0.20c feed in tariff until the end of 2016, results in an expected 7-to 9-year payback period. A 1-to 3-year payback period beyond 2016 depending on the extent to which feed in tariffs are higher than Australian $0.30 beyond 2016, with converting from gross to net meters and domestic generation offsets daylight consumption and doubles the return on initial capital investment relative to an Australian $6,000 system beyond that. Hence, falls in capital costs after October 27 2010 result in a higher rate of expected overall investment return with an outlook beyond 10 to 15 years despite the lower rate of tariff to 31 December 2016 in NSW. Indeed, the long-term return continues to rise with continuing falls in capital costs of installation, even with the further fall in effective gross tariffs paid to the end of 2016. Currently, 1.5-kW systems in NSW installed with net meters offset energy use during daylight (about Australian $0.25 to Australian $0.30/kWh) and receiving what amounts to an average wholesale price (around Australian $0.077/kWh) with an appropriate choice of retailer can be installed for as little as Australian $1,500. This results in a 4-to 12-year payback period, depending on energy use offset and the extent to which the retail and wholesale price for electricity can be expected to increase to 2016 and beyond. If, as reported by IPART, on average, two thirds of PV generation is consumed and one third exported to the grid, then the average payback period with a net meter and 1.5-kW system in 2013 would be approximately 6 to 7 years, depending on the rate of increase in electricity prices [12] . Those consuming all PV energy generated would have a payback period of approximately 4 years, those who export 50% about 9 years, and those exporting all energy generated around 12 years.
Beyond 2016, the net-metered PV systems with Australian $1,500 capital installation costs in 2013 will have twice the return on capital of fixed systems installed for Australian $3,000 and four times the return on a system installed for Australian $6,000 in 2010. Those with a gross feed in meter who received Australian $0.60 and Australian $0.20 will also face costs of converting to a net meter post 2016 to allow for the higher effective returns from offsetting electricity use during PV generating hours.
Consequently, the processes of social learning and the investigation of public perceptions is becoming increasingly pertinent to effective promotion, informed investment decisions and efficient implementation of such domestic PV systems in NSW. Further, while the above consideration of returns on investment is framed in the context of subsidized gross-metered tariffs in NSW, similar calculations and arguments for approaches to informed promotion with social learning apply in other jurisdictions (Australian States and elsewhere) where reduced capital costs and increasing energy prices result in increased long-term return on investment for net-metered PV systems despite removal of previously subsidized tariffs for fixed periods. However, despite the general and increasing need to have informed public perception and investment decisions, the promotion of domestic utilization of photovoltaic technology in Australia remains very limited. This is primarily limited to Internet websites created by government departments and installers of photovoltaic panels and occasional printed postal information provided by utilities and retailers.
It is suggested that in order for citizens to be more knowledgeable about the environmental and financial returns from installing photovoltaic technology, consideration should be given to the utilization of processes of social learning within various modes of educating citizens. These processes of social learning can be incorporated in community information sessions and other forms of media promotion.
Social learning
Social learning is briefly reviewed to articulate essential components required for a social learning process in relation to domestic grid-connected photovoltaic systems. The facilitation of social learning is critical to the process of developing citizen proficiency in understanding science and technology. It is designed 'to enlarge the citizen client's abilities to pose the problems and questions that interest and concern them and to help connect them to the kinds of information and resources needed to help them find answers' [14] . Schusler et al.
( [15] , p. 311) defined social learning 'as learning that occurs when people engage one another, sharing diverse perspectives and experiences to develop a common framework of understanding and basis for joint action'. Keen et al. [16] propose a model of social learning comprised of reflection, systems orientation, integration, negotiation and participation. They include the economic system in their system orientation which is relevant to financial aspects of the installation of gridconnected photovoltaic production of electricity in domestic premises.
In social learning, the social condition can be changed or altered, especially changes in how one perceives their personal interests compared to and connected with the shared interests of their community [17] . Conditions for social learning need to be conducive for meaningful dialogue and interaction to occur between experts and non-experts that results in an environment for thinking and learning together. Some aspects of a program that can promote social learning include providing an atmosphere of open dialogue and transparency of information, opportunities for repeated meetings and gatherings, access to expert support, face-to-face small group work, site visits and tours, unrestricted opportunities to influence the program process and political support for the process [17] . In this project, we developed a deliberative workshop format which provided participants with information on photovoltaic technology, building integration of photovoltaic technology, government economic instruments designed to promote domestic use of this technology and the opportunity to reflect on this information.
The sharing of diverse participant perspectives involves providing a public with an opportunity to discuss their experience and local knowledge of an issue [14] . Local knowledge is often tacit knowledge which can be rendered explicit through deliberation [18, 19] . In the deliberative workshops, we built upon participants' local knowledge by referring to other forms of renewable energy, already in existence in the local area, which they were familiar with and provided participants with the opportunity to elaborate on the issues which arose for them in the workshops.
Deliberative workshops incorporating social learning provide the opportunity for participants to consider technological and domestic issues in depth as well as elicit issues not considered by researchers. The workshops provided participants with an opportunity to share their views on energy production and individual usage and the personal, economic and social conditions which influence the uptake of photovoltaic systems in domestic dwellings. The participants were provided with opportunities to discuss similar technologies, such as wind energy and a local trial of ocean tidal generation of electricity, which informed their understanding of similar contexts for photovoltaic electricity production. In order to develop the workshop process, social science research relevant to citizen attitudes towards and knowledge of photovoltaic technology was reviewed. This guided the choice of relevant content for the development of the workshop process, highlighting aspects of public understanding of residential photovoltaic technology.
Previous studies of motivational and attitudinal factors associated with residential grid-connected photovoltaic technology
Studies of understanding and attitudes to domestic installations of grid-connected photovoltaic systems have largely been conducted in Europe and America, and generally show that citizens have positive attitudes towards GCPV [20] . Some populations while having a positive attitude towards GCPV tended to confuse such installations with roof-mounted solar hot water [21] . However, only a small proportion of a population are prepared to invest in such technology. Oppenheim [22] refers to 1% of consumers in two American cities being willing to pay extra to have photovoltaic panels on their roof. Faier and Neame [7] note the lack of uptake of a combined photovoltaic and thermal solar panel system made available in England under a grant system that provided 50% of the installed capital cost.
Building integration of photovoltaics
Building-integrated photovoltaic panels do not feature extensively in installations in Australia, whereas they do in the northern hemisphere. Social research on this aspect of photovoltaic technology is limited, with Sylvester [23] having studied simulation of photovoltaic filtering on windows in office buildings. Although the participants were in favour of the energy and associated energy cost savings of this technology, they were dissatisfied with the disruption to natural light in the building. Blewett-Silcock [24] studied public reactions to buildingintegrated photovoltaic technology in an English university. He examined whether participants found the materials attractive and found that this depended on the type of building they were asked to evaluate. Interestingly, the participants did not link the electricity they used in the office with that generated by the façade.
Perceived economic feasibility
Perez et al. [25] consider the perception of economic feasibility of photovoltaic electricity generation and solar hot water production. Initially, they considered shortterm payback, the net cost divided by the first year energy cost savings, but quickly dismiss this as too simple and partial, in failing to take account long-term impacts of GCPV. Long-term return requires assessing the net present value (NPV) -the economic value over a product's lifetime, where they demonstrated a positive value. Importantly, in assessing NPV, they highlighted that current retail costs do not reflect some of the advantages of GCPV with dispersed production of electricity on site rather than undispersed electricity, the value of which they estimated as US$0.01 to US$0.06 more per kWh. Hence, comparisons with other technologies should compare the NPV of lifetime distribution costs. Similarly, Riedy [26] notes that, in general, transmission pricing regimes in Australia are biased against distributed generation such as GCPV while favouring undistributed generation such as coal fire production. Distributed generation sources such as GCPV should not be compared as though they use the transmission system.
Feed in tariff
Wiginton et al. [27] argue that feed in tariffs have been the most effective government incentive program for encouraging domestic photovoltaic installation, and those countries which have introduced feed in tariffs have seen the greatest uptake. Mitchell et al. [28] maintained that the German feed in tariff scheme is more effective at increasing the share of renewables than the Renewables Obligation in England and Wales because it reduces risk more effectively for generators; such arguments are reiterated by Lesser and Su [29] . Schaefer et al. [30] reported favourable citizen attitudes towards feed in tariffs in a survey of views on domestic wind energy production in New Zealand and refer to similar findings in Canada and Japan. Maine and Chapman [31] demonstrated that during industry infancy, paying the spot price for electricity in South Australia provided insufficient incentive to take up solar electricity, suggesting that it was an unsuitable base on which to formulate a feed in tariff to promote PV installation.
Rebates and subsidies
Haas et al. [32] have examined participants' motives in the Austrian rooftop program of the early 1990s and found that the rebate was an essential factor in the adoption of GCPV for 40% of participants. About 35% of participants would have purchased a system without a rebate. Haas et al. [32] regarded the high investment costs as a major barrier for broader market penetration. They noted a high willingness to pay for photovoltaics, which is above the level of cost-effectiveness but argued that this willingness is dependent upon rebates or other financial incentives. Haas [33] argued that rebates are an effective tool in expanding photovoltaic markets but that the rebates in almost all programs are too high and do not provide a sufficient incentive for a customer to find the most efficient system. Hence, while they may be appropriate for an early stage of market diffusion, rate-based incentives are the most effective tool for efficiently increasing GPCV use.
Chosen features for a social learning and attitude evaluation process for GCPV in NSW
The review of social science studies relevant to GCPV in NSW suggests that a relevant social learning and attitude evaluation process should discuss and demonstrate how domestic installations operate and assess participants' attitudes to GCPV and willingness to pay to have an installation in their residence; provide information and assess understanding of the economic and environmental impacts of distributed generation and evaluate participants' attitudes towards such impacts; evaluate participants' attitudes to the design and appearance of building-integrated panels; provide explanations on the operation of feed in rates in New South Wales, provide comparisons with other States in Australia and assess participants' attitudes towards and preferences for levels of feed in rates; provide information on the types of rebate that have been made available by the Federal government in Australia and assess participants' attitudes towards and preferences for rebates provided.
These content and evaluation areas were incorporated in the development of a deliberative workshop process.
Methods

Deliberative workshop method
Four deliberative workshops were conducted with citizens in the Illawarra region of New South Wales, Australia, implementing a social learning method for developing and assessing public understanding of residential photovoltaic installations. The participants were systematically selected [34] from the local telephone directory and paid Australian $50 for their participation in a 90-min workshop. The workshop was conducted with the aid of a PowerPoint audiovisual presentation, which included information about how photovoltaic panels operated and images of photovoltaic panels utilized in domestic installations. The participants were provided with a booklet which had a printed version of the slides contained in the audiovisual presentation.
The workshop commenced with a discussion of renewable energy and the various means by which it can be produced. This focused on the generation of electricity through wind turbines and a local system which utilized wave energy. The audiovisual presentation provided information on the basic operation of a photovoltaic panel. It also presented images of the basic installation of panels on a domestic rooftop with traditional mounting of panels on a rack.
The presentation then provided photographs of building-integrated panels which are more prevalent in Japan and Europe. The participants were asked to rate the attractiveness and design of four building-integrated types of panels and four non-integrated types of panels on 10-point semantic differential scales, where 1 was attractive and 10 unattractive; and on a second semantic differential, where 1 was not well designed and 10 was well designed. These different types of panels were represented by computer graphics which presented different types of generic panel structures. These included nonintegrated panels on two upright short racks, panels on four long flat racks, flat panels on tiles; and integrated panels on short skylights, elongated skylights, panels which completely replace roof tiles and look like a flat iron roof, and panels which completely replace traditional roof tiles and look like roof tiles.
The presentation then focused on the financial aspects of installing panels on a domestic dwelling and the rebates which were available from the Federal government. In 2005, the Federal Government provided a rebate of Australian $7,920 for the installation of 1.5 kWh of panels (usually six panels), which typically cost Australian $14,000 to install, thus requiring an outlay of Australian $6,080. The state governments would typically pay for electricity generated, which was excess to domestic usage, at the same rate at which they sold electricity to residents, usually at Australian $0.125/kWh. The participants were told that this size of installation would typically generate 1,461 kWh of electricity per annum which would be worth Australian $4,566 over a 25-year period, the expected life of the panels. The scenario of a payment of Australian $.50/kWh was also discussed. This feed in rate was available in Germany and was being considered for the Northern Territory in Australia. They were also told that the maintenance cost of the panels would typically be Australian $650 for the purchase of a new inverter, which might become necessary at some stage of the expected 25-year life of the panels.
The participants in 2012 were told that a 1.5-kWh system would cost Australian $7,000 and there would be a government rebate in the form of a renewable energy certificate with a solar credit of Australian $3,720 which the supplier via the resident would receive, leaving a resident to pay Australian $3,280. They were told that if they used the electricity generated, depending on the tariff they paid for electricity from the grid, it would be expected to be worth Australian $300/year at Australian $0.20/kWh or Australian $7,500 over the expected 25-year operation of the panels, assuming electricity prices increase at the same rate as inflation. They were also told that this may not be feasible, as for it to be worth this amount, they would have to use energy during daylight hours, when it was generated. If they fed it back to the grid, then under proposed arrangements, they would receive about Australian $0.077/kWh, the wholesale undistributed price to be paid for electricity generated by PV in NSW. They were also told that the maintenance costs for a set of panels would typically be Australian $650 for the purchase of a new inverter at some stage of the expected 25-year working life of the panels.
The participants were finally asked to complete a questionnaire in which they rated their agreement with various attitude statements about photovoltaic panels, on 7-point Likert scales, where 1 indicated very strongly agreeing and 7 was very strongly disagreeing. They were asked to rate whether they considered the panels to be environmentally worthwhile, financially worthwhile, reliable, safe, whether or not panels could be constructed to be unnoticeable on roofs and whether or not they detract from the appearance of a house. They were also asked to rate their intention to install photovoltaic panels on a 4-point scale of very likely to very unlikely. If they were not prepared to install panels, they were asked if they would be prepared to do so if the rebate in 2005 or the solar credit in 2012 was higher and by how much, and if a feed in tariff rate on electricity generated was higher and by how much.
Discussion about the various technological and financial aspects of photovoltaic panels was encouraged in the workshop. Discussion was encouraged through asking the participants what they knew about renewable energy and how important it was to them; whether they had any safety concerns about installing a set of photovoltaic panels on their residence, what they thought of the appearance of integrated and non-integrated photovoltaic panels, what they thought of the financial benefits of installing a set of panels on their residence and whether they thought it was more important to receive a high rebate or feed in tariff.
Bang et al. [35] argue that more qualitative work is needed to ascertain what beliefs people have about renewable energy. The workshop proceedings were recorded, transcribed and qualitatively analysed, but while the quantitative results are reported, the qualitative results are not reported in detail in this particular article.
Research expectations
Although this was a preliminary study examining how a social learning method could be implemented on residential grid-connected photovoltaics, there were some expectations about the deliberations which ensued even though an initially small sample size was utilized. These expectations were as follows:
Only a small proportion of the public would be prepared to purchase a set of photovoltaic panels in 2005, and the awareness and understanding of photovoltaic technology would be minimal in the general community. A higher proportion of the public would be prepared to purchase a set of photovoltaic panels in 2012, and there would be increased awareness in the local community about the nature of photovoltaic panels and familiarity with such panels partly due to the publicity surrounding the brief implementation of a subsidized gross feed in tariff policy, by the State government, which had been terminated before the 2012 workshops were conducted. Positive attitude towards the environmental benefits of photovoltaic panels would be less of a predictor of intention to purchase a set of panels than positive attitude towards the financial benefits of purchasing a set of panels. A larger proportion of the sample would be prepared to purchase a set of panels if the installed cost was lower and/or rebate in 2005 or solar credit in 2012 and feed in tariff rate was higher. The public would have more positive attitudes towards the attractiveness and design considerations of building-integrated panels than traditional panels.
Results
Analysis of questionnaire responses
In 2005, seven participants attended the first workshop, and eight participants attended the second workshop. In 2012, seven people attended the third workshop, and nine attended the fourth workshop. The participants comprised approximately half male and half female in each workshop, half of whom were over 45 years of age and predominantly living with a spouse or partner. The participants were from a range of occupational backgrounds with professional and retired categories, having more than five participants in 2005 and 2012. One third of the participants were receiving more than Australian $80,000 gross income per year, one fifth were receiving between Australian $50,000 and Australian $80,000/year, and one fifth Australian $40,000 to Australian $50,000/ year. There were no differences in the demographic characteristics of the two samples in 2005 and 2012.
None of the participants in the 2005 sample had purchased a photovoltaic system, whereas one participant had purchased such a system in the 2012 sample. While the mean difference in likelihood of purchasing a system between year of consultation (2005 M = 2.86, SD = 0.24; 2012 M = 2.5, SD = 0.22) was not statistically significant (F(1,30) = 1.27, p < .28), in 2012, there was an 88% increase in the proportion of participants who said that they would be likely or very likely to purchase a photovoltaic system (8/16 = 50% vs 4/15 = 27%). There was a concomitant decrease of 77% in the proportion of participants (6% vs 27.%) who said that they would be very unlikely to purchase a photovoltaic system in the near future (see Table 1 ).
Forty percent (6/15) of the 2005 sample stated that they would need to receive Australian $0.50/kWh, and four participants chose other rates: Australian $0.20, Australian $0.30, Australian $0.70 and Australian $1/ kWh, while 33% (5/15) of the participants in 2005 did not respond. In 2012, 38% participants responded (6/16) and were evenly spread over Australian $0.20 to Australian $1.00/kWh, while 62% (10/16) did not respond to this question. The mean difference between year of consultation in preferred feed in tariff rate was not statistically significant (F(1,15) = 0.57, p < .47).
Participants' acceptable capital purchase price for a set of six panels are listed in Table 2 . The mean difference in price that participants were prepared to pay for purchase and installation, between year of consultation, was not statistically significant (F(1,20) = 2.69, p < .11). The median prices that participants were prepared to pay for the installation of a 1.5-kW system was significantly less in 2012 (Australian $2,000) compared to 2005 (Australian $5,000), consistent with a fall in capital cost for installing such systems. There was a large proportion of participants who did not respond to this question in 2012 (9/16), reflecting uncertainty around tariffs and return on investment from capital and the public framing of this decision in light of perceived losses in tariffs relative to earlier investment.
Multivariate analysis of variance indicated a significant multivariate effect due to year of consultation on participants' mean ratings for the general characteristics of photovoltaic panels (F(7,23) = 556.85, p < .001). The mean ratings of panels and the significance of the differences in mean ratings by analysis of variance (ANOVA) from 2005 and 2012 are shown in Table 3 . The participants in 2012 placed significantly greater emphasis on whether investing in panels was financially worthwhile or not as well as statistically significant greater emphasis on whether panels detract from the appearance of houses. Ratings of whether or not a grid-connected photovoltaic installation was environmentally worthwhile and financially worthwhile were regressed on ratings of likelihood to purchase a set of panels, in order to assess the relative predictive efficacy of these factors. The regression model was significant (F(2,30) = 4.45, p < .05). The likelihood of purchasing a set of panels was predicted by whether participants considered that panels are financially worthwhile and not based on whether they considered such panels to be environmentally worthwhile.
The mean ratings for the attractiveness and design of the integrated panels were that such panels were considered more attractive than non-integrated panels in 2005 and 2012, see Table 4 . For the repeated measures ANOVA, there was no main effect for year of consultation or significant interaction between the rating of attractiveness and year of consultation. The integrated panels were also rated as being better designed than the non-integrated panels in 2005 and 2012. Once again, there was no main effect for year of consultation or significant interaction between rating of design and year of consultation.
Although the qualitative analysis of the workshop discussion is not reported here, it is worth noting that some 2005 workshop participants initially misunderstood photovoltaic technology to be solar hot water technology. The participants in the 2012 workshops did not indicate this misunderstanding but were concerned about the safety of installing photovoltaic panels on their roofs, whether such panels were a fire hazard and whether they would withstand storm damage. The qualitative data obtained in the workshops provide details of the social learning process which occurred. Briefly, the participants shared their knowledge of renewable energy, which was primarily solar hot water in 2005. Through discussing the difference between solar hot water production and photovoltaic electricity production, the participants shared and developed their understanding of the differences between these two forms of renewable energy. There was considerably more understanding of the operation of photovoltaic panels in 2012, and the participants were fairly conversant with the operation of such technology. Social learning also took place with regard to the building integration of photovoltaic panels. There was considerable discussion about how this type of photovoltaic panels was preferable to stand-alone panels in 2005 and 2012 in terms of the aesthetic benefits and in terms of the monetary benefits of substituting photovoltaic panels for building materials. The participants' understanding of the financial costs and benefits of GCPV also benefited from a social learning process, whereby participants shared their understanding of feed in tariffs and how they were operating in 2005 and 2012.
Discussion
The questionnaire results indicate positive attitudes to domestic installation of photovoltaic panels but a reticence to participate in the rebate scheme in existence in 2005 because it was not seen as financially viable. The participants in 2005 were more willing to participate in the scheme if the government rebate had been higher. The participants also felt that the feed in tariff should be higher. The participants in the 2012 workshops were more likely to purchase a set of panels, but the difference with the 2005 participants was not statistically significant. Table 4 Participants' ratings of the attractiveness and design of building-integrated and non-integrated panels This indicates that the participants may not be connecting return on investment to initial investment capital and had difficulty answering the question. There was also a high non-response to how much they were prepared to pay for the purchase of a set of panels (32% in 2012). Non-responses were not observed for other items in the questionnaire. These questions may be more readily answered through a discrete choice experiment structure [36] which provides a more readily interpreted structure and such a structure will be trialled in future research. The high level of prices that participants were prepared to pay in 2005 (median of Australian $5,000) than those in 2012 (median of Australian $2000) is expected given the quoted retail price of Australian $6,080 when the federal government rebate was taken into account in 2005, whereas in 2012, the general price for a 1.5-kW system was Australian $3,280 when solar credits were taken into account.
The participants' ratings of the general characteristics of panels differed significantly between years of consultation. The participants in 2012 had greater agreement than the 2005 participants with the statement that panels are financially worthwhile and disagreed more with the statement that panels are not financially viable. This reflects the significantly lower capital costs of installing systems and despite 36% lower feed in tariff than in 2005 (Australian $0.08 vs Australian $0.13c/kWh). The participants in 2012 were concerned about the safety aspects of installing photovoltaic panels on a residence. This was reflected in the ratings that participants provided on the characteristics of panels and also in the discussions which took place in the workshops in 2012, where participants were concerned about whether or not the panels could cause a fire or whether or not they would withstand storm damage. This may have been instigated by the reports in the media in the year preceding the 2012 workshops about electrical and fire problems which had arisen through an environmental program in which the installation of house insulation was implemented through a subsidy provided by the Federal Government.
In 2005, the participants' understanding of solar hot water generation was the initial knowledge of parallel phenomena which they brought forth in their discussions about photovoltaic electricity generation. Some participants in 2005 did not initially understand the differences between solar hot water and photovoltaic electricity generation. Knowledge about solar hot water production was what they initially discussed in relation to the topic of the workshop.
Government action, encouraging public action, was also considered important by the participants in 2005 and 2012. In 2005, they considered that the subsidy should be greater to enable more panels to be installed. The participants in 2005 were also in favour of a higher feed in tariff. They considered that they would be more motivated to purchase panels if the feed in rate was higher. The participants in 2012 were still in favour of higher feed in tariffs as would be expected.
The semantic differential ratings of the buildingintegrated panels indicated a positive evaluation of such integration with participants, considering that such panels were more attractive and better designed in both 2005 and 2012. The ratings suggest that retailers should consider marketing and selling such panels as they may significantly enhance the public's interest in and attitude toward such technology.
Discussion in the 2005 workshops indicated misunderstandings in the participants' perceptions of the practicalities of utilizing GCPV technology. If the researchers had relied on their own understandings and knowledge of citizen interpretations of the way in which such technology operates, they would have missed out on various aspects of citizen understanding of photovoltaic technology which were tacit in their understanding of how such technology operates. This indicates the worth of implementing a social learning approach to informing the public about residential grid-connected photovoltaic installation.
Discussion in the 2012 workshops indicated greater understanding of the operation of domestic photovoltaic installations than that in the 2005 workshops. However, the research indicates that the 2012 participants had increasing difficulty expressing their attitudes towards the financial arrangements which are currently in place for residents who wish to install photovoltaic systems in their residences, which likely reflect changes in tariff policy and associated uncertainty. Importantly, such policy changes in NSW appear to have framed public perception of investment in GCPV now as a loss relative to investment when tariffs were Australian $0.60c/kWh until 2016. This is in spite of long-term returns on investment in GCPV in fact being higher as capital costs of installed GCPV systems have significantly fallen and despite NSW pricing not appropriately having taken into account the lower distribution costs of residential GCPV-generated electricity. This research is timely in informing the public and government policy, showing the impacts on decisions to install GCPV technology are in large part dependent on factors which have not been considered or researched. Namely, what citizens perceive as reasonable and fair and sufficiently motivating to invest in installing a GCPV system in their residences, how well that is informed and how those factors have been framed and changed over time [10, 12] .
Conclusions
Social learning principles can provide a range of benefits for communication and decision making in the informed promotion of grid-connected photovoltaic technology. Public perceptions and citizens' investment decisions should move beyond framing decisions relative to subsidy levels to consider long-term investment returns, which generally continue to improve with falling capital costs and higher energy prices, despite reducing generation subsidies in New South Wales since 2010. Retailers and installers of residential photovoltaic systems in Australia are encouraged to promote the option of building-integrated panels given favourable preferences shown for such technology.
